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Objective
To determine the effectiveness of early, routine antioxidant
supplementation using �-tocopherol and ascorbic acid in re-
ducing the rate of pulmonary morbidity and organ dysfunction
in critically ill surgical patients.

Summary Background Data
Oxidative stress has been associated with the development of
the acute respiratory distress syndrome (ARDS) and organ
failure through direct tissue injury and activation of genes inte-
gral to the inflammatory response. In addition, depletion of
endogenous antioxidants has been associated with an in-
creased risk of nosocomial infections. The authors postulated
that antioxidant supplementation in critically ill surgical pa-
tients may reduce the incidence of ARDS, pneumonia, and
organ dysfunction.

Methods
This randomized, prospective study was conducted to com-
pare outcomes in patients receiving antioxidant supplementa-
tion (�-tocopherol and ascorbate) versus those receiving
standard care. The primary endpoint for analysis was pulmo-

nary morbidity (a composite measure of ARDS and nosoco-
mial pneumonia). Secondary endpoints included the develop-
ment of multiple organ failure, duration of mechanical
ventilation, length of ICU stay, and mortality.

Results
Five hundred ninety-five patients were enrolled and analyzed,
91% of whom were victims of trauma. The relative risk of pul-
monary morbidity was 0.81 (95% confidence interval 0.60–
1.1) in patients receiving antioxidant supplementation. Multiple
organ failure was significantly less likely to occur in patients
receiving antioxidants than in patients receiving standard
care, with a relative risk of 0.43 (95% confidence interval
0.19–0.96). Patients randomized to antioxidant supplementa-
tion also had a shorter duration of mechanical ventilation and
length of ICU stay.

Conclusions
The early administration of antioxidant supplementation using
�-tocopherol and ascorbic acid reduces the incidence of or-
gan failure and shortens ICU length of stay in this cohort of
critically ill surgical patients.

Many critically ill surgical patients survive their initial
physiologic insult only to die of infection or organ dysfunc-
tion over the ensuing days to weeks. The precise mechanism
by which organ dysfunction occurs is unclear; however,

there is mounting evidence that tissue injury is mediated at
least in part by oxidative metabolites, or reactive oxygen
species (ROS), derived from inflammatory cells and/or
reperfusion injury. In this setting, ROS induce tissue injury
through the peroxidation of plasma membranes, oxidation
of critical enzymatic or structural proteins, induction of
apoptosis,1 and activation of NF-�B, leading to the induc-
tion of genes critical to the initiation and perpetuation of the
systemic inflammatory response.2 The evidence supporting
oxidant-mediated tissue injury and gene activation is great-
est for the acute respiratory distress syndrome (ARDS), in
which ROS have been detected in the expired breath of
patients with the syndrome, and experimental evidence

Supported by grant R49/CCR002570 from the Centers for Disease Control
and Prevention and a Surgical Infection Society Fellowship in Eval-
uative Sciences, supported by Wyeth-Ayerst Laboratories. Presented
in part at the Annual Meeting of the Surgical Infection Society,
Snowbird, Utah, May 2001.

Correspondence: Avery B. Nathens, MD, MPH, Harborview Medical
Center, Box 359796, 325 9th Ave., Seattle, WA 98104-2499.

E-mail: anathens@u.washington.edu
Accepted for publication June 24, 2002.

ANNALS OF SURGERY
Vol. 236, No. 6, 814–822
© 2002 Lippincott Williams & Wilkins, Inc.

814



clearly implicates NF-�B activation in the pathogenesis of
alveolar inflammation.3–6

The profound oxidative stress that occurs during critical
illness leads to early depletion of many endogenous anti-
oxidants. For example, several investigators have docu-
mented lower circulating levels of �-tocopherol and ascor-
bate in association with increased levels of oxidized
glutathione in the plasma of critically ill patients.7–13 Given
the apparent role oxidative stress and oxidant-mediated tis-
sue injury play in the development of ARDS and multiple
organ failure, supplementation with antioxidants may aug-
ment endogenous antioxidant defenses and serve to prevent
the development of organ dysfunction. Further, there is
increasing evidence that antioxidants, particularly ascorbic
acid and �-tocopherol, may reduce the incidence of infec-
tious complications, putatively by restoring neutrophil func-
tion and cell-mediated immunity, respectively.14–16

To date, prospective randomized trials have demonstrated
little benefit from antioxidant supplementation. However,
these studies, all carried out in mixed ICU populations,
initiated supplementation after the development of organ
dysfunction.17–19 We postulated that patients would derive
the greatest benefit if antioxidants were administered pro-
phylactically, prior to the development of secondary organ
injury and/or nosocomial infection. To test this hypothesis,
we evaluated the efficacy of early, prophylactic antioxidant
supplementation using a combination of �-tocopherol and
ascorbate in a cohort of critically ill surgical patients ad-
mitted to an ICU. Specifically, we postulated that patients
receiving antioxidants would have a lower incidence of
ARDS, nosocomial pneumonia, and multiple organ failure.

METHODS

Protocol

Subjects were enrolled in this prospective, randomized
trial from February 1999 to June 2000. Patients were eligi-
ble for the trial if they were 16 to 74 years old, were
admitted to the ICU under the general surgery/trauma ser-
vice, and were available for enrollment within 24 hours of
sustaining their injury (in the case of trauma patients) or
undergoing an emergency operation. Patients with isolated
or severe (Glasgow Coma Scale score � 6 or less) head
injury, brain death, anticipated survival less than 48 hours,
burns over more than 20% body surface area, sickle cell
anemia, need for anticoagulation with coumadin while in
the ICU, and chronic renal failure (creatinine � 2.5 mg/dL)
were excluded from the trial. Subjects were randomized at
the time of ICU admission or shortly thereafter.

Following treatment assignment, patients randomized to
antioxidant supplementation received �-tocopherol (dl-�-
tocopheryl acetate; Aquasol E, Astra USA, Westborough,
MA) 1,000 IU (20 mL) q8h per naso- or orogastric tube and
1,000 mg ascorbic acid given intravenously (American Re-
agent Labs, Shirley, NY) in 100 mL D5W q8h for the

shorter of the duration of admission to the ICU or 28 days.
We believed that given the waiver of consent provided to us
by our institutional review board (vide infra), we could not
administer a dose not clearly known to be safe. Therefore,
these doses represent the highest reported doses adminis-
tered to humans that have no significant side effects.16–20

Patients randomized to the control group received standard
care, with the only restriction that they not receive any
antioxidant supplementation while in the ICU. The low
levels of antioxidants in our commonly used enteral feeding
preparations were permissible as were the standard multi-
vitamin preparation used for patients receiving total paren-
teral nutrition (TPN). Our most commonly used product for
enteral nutrition was Replete with Fiber (Clintec, Deerfield,
IL), which contains 340 mg ascorbic acid and approxi-
mately 60 IU �-tocopherol per liter. The multivitamin prep-
aration used while on TPN provided 100 mg ascorbic acid
and 10 IU �-tocopherol daily.

The institutional review board waived the need for in-
formed consent due to the minimal risk involved and the
inability to carry through with the critical early randomiza-
tion scheme if direct consent were required. Informational
fliers were posted in the ICU and the adjacent waiting rooms
to inform the next-of-kin of the study protocol and to allow
for withdrawal at their request. Similarly, as enrollment was
automatic upon admission to the ICU, the attending surgeon
had the right to refuse entry of his or her patient into the
study at his or her discretion.

Patients were followed for the shorter of the duration of
their hospital admission or 28 days. Baseline characteristics,
including demographic information, comorbidities, ana-
tomic (Injury Severity Score [ISS]) and physiologic
(APACHE II) markers of disease severity, and admitting
diagnoses, were assessed. The primary efficacy endpoint of
this study was the proportion of patients who developed
either pneumonia or ARDS on or before day 28 (Table 1).21

This composite endpoint will be referred to as “pulmonary
morbidity.” A radiologist not involved with the study and
blinded to the treatment arm provided objective assessment
of the radiologic criteria to limit bias in the evaluation of
chest radiographs for assessment of pneumonia or ARDS.
The prospectively defined secondary efficacy endpoints in-
cluded the development of multiple organ failure,22 the
Multiple Organ Dysfunction Score,23 ventilator-free days,
duration of ICU and hospital length of stay, and 28-day
mortality.

Our prospectively defined primary analysis included all
patients who met the inclusion/exclusion criteria and were
randomized, with patients analyzed according to the treat-
ment group to which they were assigned at randomization
(intent-to-treat analysis). To detect a 25% proportionate
decrease in pulmonary morbidity using an � of 0.05 (two-
tailed) and � of 0.20, approximately 375 patients per group
were necessary, based on an incidence of pulmonary mor-
bidity in the ICU of approximately 40%. Differences be-
tween the two groups are expressed as the relative risk (or
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relative difference for continuous variables) and corre-
sponding 95% confidence intervals (CI) of developing the
primary or secondary efficacy endpoint in the treatment
group compared to the cohort receiving standard care.
Time-to-event curves describing the proportion of patients
who reached any endpoint during the 28-day period, accord-
ing to treatment group, were calculated by the Kaplan-Meier
method and compared with the use of log-rank tests. Anal-
yses were conducted using Stata Statistical Software (re-
lease 6.0, Stata Corp., College Station, TX, 1999).

One in four of the first 200 patients enrolled were selected
randomly for evaluation of circulating plasma levels of
ascorbate and �-tocopherol at baseline and on days 1, 3, 5,
7, 14, and 21 following admission. Plasma �-tocopherol
levels were assessed using high-performance liquid chro-
matography.24 Plasma ascorbic acid levels were measured
spectrophotometrically following the conversion of ascor-
bate to dehydroascorbate by ascorbic acid oxidase and sub-
sequent conversion to the quinoxolone derivative by a fast
reaction with o-phenylenediamine at pH 6.5.25

Trauma patients with an ISS of more than 15 and who
remained intubated 72 hours following admission were el-
igible for assessment of the alveolar inflammatory response
by collection of alveolar lining fluid using bronchoalveolar
lavage (BAL). After establishing eligibility, informed con-
sent was obtained from the patient’s legal next-of-kin and

bronchoscopy was performed on day 3 using a previously
established protocol.26 Briefly, after obtaining adequate an-
esthesia and sedation, the fiberoptic bronchoscope was in-
serted through an adapter on the endotracheal tube and
guided to the right middle lobe, where it was wedged. Five
30-mL aliquots of 0.9% NaCl were instilled sequentially
and manually suctioned each time to recover BAL fluid.
Visual inspection of the airways was completed for any
evidence of bleeding or infection, and the bronchoscope was
removed. The patient was monitored closely and returned to
previous ventilator settings, usually within 60 minutes. BAL
fluid was processed and evaluated for cell count, concen-
trations of protein, tumor necrosis factor-�, interleukin-1
(IL-1), IL-6, IL-8, and soluble ICAM-1 (sICAM-1), as
previously described.27,28 As a measure of oxidative stress,
concentrations of F2� isoprostanes were assessed in BAL
fluid using a commercially available enzyme immunoassay
(Cayman Chemical, Ann Arbor, MI). F2� isoprostanes are
prostaglandin-like compounds formed from the peroxida-
tion of arachidonic acid and are considered a reliable marker
of lipid peroxidation.29,30

Information on adverse effects specific to ascorbate and
�-tocopherol were collected.20 Specifically, the develop-
ment of acute renal failure (creatinine � 2.5 mg/dL) was
documented, and antioxidant supplementation was discon-
tinued if these patients became oliguric. Since �-tocopherol
may exacerbate an underlying coagulopathy due to vitamin
K depletion, we recorded the highest INR in the ICU
beyond day 2.

Table 1. DEFINITION OF PRIMARY
ENDPOINTS

Acute respiratory distress syndrome (from reference 19):
Must meet all of criteria below:

1. Acute onset
2. Bilateral infiltrates seen on frontal chest radiograph
3. PaO2/FIO2 � 200, regardless of level of PEEP
4. Pulmonary artery wedge pressure � 18 when measured or no

clinical evidence of left atrial hypertension
Pneumonia:
Criteria #1 and #2 and #3 must be satisfied within a three-day period

during days 1–28:
1. Radiologic criteria (both a and b)

a. new infiltrate corresponding in size to one segment or more of
lung

b. radiographic finding persists �24 hrs.
2. Clinical criteria (both a and b)

a. Fever (�38.3°C) or hypothermia (�36.0°C)
b. WBC � 10 000/mm3 or 25% increase over last available

value or bands � 10% of total WBC or new decrease in WBC
to � 4000/mm3

3. Bacteriologic confirmation by at least one of:
–positive blood culture for bacterial pathogen also identified in
sputum or other respiratory culture
–protected specimen brush with �103 cfu/ml bacterial pathogen
–BAL with �104 cfu/ml bacterial pathogen
–positive gram stain from BAL fluid
–positive sputum gram stain with �3� of one type of bacteria
–positive semi-quantitative sputum culture with �3� growth of
one type of pathogenic bacteria (if not quantitative, then must be
moderate or heavy growth)

Table 2. PATIENTS WITHDRAWN FROM
STUDY POST-RANDOMIZATION*

n � 175

No
antioxidant

(n � 81)
n (%)

Antioxidant
supplementation

(n � 94)
n (%)

Age �16 or �74 13 (16) 18 (19)
GCS �6 21 (26) 21 (23)
Isolated head injury 6 (7) 3 (3)
Requirement for coumadin

anticoagulation
1 (1) 0

Anticipated survival � 48 hrs 6 (7) 3 (3)
Burns � 20% BSA 1 (1) 0
Withdrawal by admitting

surgeon†
0 (0) 2 (2)

Non-general surgical patient 6 (7) 8 (9)
Elective surgical patient 2 (2) 3 (3)
Family withdrawal 1 (1) 0
Enrolled � 24 hrs after

trauma/operation
23 (28) 31 (33)

Chronic renal failure 1 (1) 5 (5)

* Met exclusion criteria at time of randomization.
† Perforated duodenal or gastric ulcers.
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Assignment

At the time of ICU admission, patients were randomized
in a 1:1 ratio to either antioxidant supplementation or rou-
tine care. The pharmacist automatically assigned treatment
based on a computer-generated random-number sequence.
The investigators were unaware of the treatment allocation
prior to randomization. This randomization scheme also
allowed for random selection of subjects for sampling of
serum vitamin levels in the first 200 patients enrolled. The
pharmacy was instructed to randomize all patients fulfilling
the inclusion criteria described above. Patients randomized
who were later identified by the study coordinator as meet-
ing exclusion criteria based on data available at the time of
randomization were withdrawn from the study.

RESULTS

During the study, 770 patients were randomized at the
time of ICU admission. Of these 770, 175 met the pre-
defined exclusion criteria at the time of randomization and
were withdrawn from the study shortly after enrollment

(Table 2), resulting in a study population of 595 patients:
301 randomized to antioxidant supplementation arm and
294 to standard care. The reasons for exclusion were similar
across groups. Forty patients randomized to the treatment
group (14%) were not in the ICU long enough to receive
any supplementation yet were included in the intent-to-treat
analysis. There were no patients in the standard therapy
group that received antioxidant supplementation such that
overall, 555 (93%) of patients received the treatment to
which they were assigned.

Baseline Characteristics of Study
Population

The study population consisted predominantly of young
men, with trauma being the most frequent principal diag-
nosis (Table 3). On the whole, patients were healthy, with
no documented comorbidity in 509 (85%) patients. In pa-
tients with a diagnosis of trauma the mean ISS was 19.6 �
11; the mean APACHE II score in the entire cohort of
patients was 14.0 � 6. Overall, 171 (29%) patients pre-
sented with shock (systolic blood pressure � 90 mmHg).
There were no differences in any of the baseline character-
istics between the two patient groups. The mean time to
initiation of antioxidant supplementation was 11.3 � 6
hours.

Primary Efficacy Analysis

Twenty-eight days after enrollment, 36 (11.9%) patients
receiving antioxidant supplementation had developed pneu-
monia, compared to 44 patients (15.0%) receiving standard
care. The relative risk of pneumonia in the treatment group
was 0.79 (95% CI 0.53–1.20) and no statistically significant
difference was evident in the time-to-event analysis (P � .3,

Figure 1. Kaplan-Meier estimates of the risk of pneumonia among
301 patients receiving antioxidant supplementation and 294 patients
receiving standard care. There is some suggestion that antioxidant
supplementation might be associated with a lower likelihood of pneu-
monia (P � .3 by the log-rank test). Solid line: no antioxidant supple-
mentation; dashed line: antioxidant supplementation.

Table 3. BASELINE CHARACTERISTICS
OF SUBJECTS

n � 595

No
antioxidant
(n � 294)

n (%)

Antioxidant
supplementation

(n � 301)
n (%)

Age (mean � SD) 39 � 15 38 � 15
Male gender 222 (76) 230 (76)
Race

Caucasian 236 (80) 233 (77)
Black 13 (4) 22 (7)
Asian/Pacific Islander 12 (4) 16 (5)
Hispanic 28 (10) 25 (8)
Native American 4 (1) 2 (1)
Other 1 (0.3) 3 (1)

Comorbidity
COPD 12 (4) 11 (4)
Coronary artery disease 15 (5) 15 (5)
Cerebrovascular disease 3 (1) 6 (2)
Diabetes mellitus 8 (3) 7 (2)
Malignancy 11 (4) 4 (1)
HIV 0 1 (0.3)
Immunosuppressed* 2 (0.7) 0

Diagnoses
Trauma 268 (91) 274 (91)
Non-trauma diagnoses 26 (9) 27 (9)

Intra-abdominal infection 3 (12) 4 (15)
Soft tissue infection 4 (15) 7 (26)
Other 19 (73) 16 (59)

Illness severity
ISS (mean � SD) 20 � 11 19.1 � 10
APACHE II (mean � SD) 14.3 � 6 13.6 � 6
Shock 93 (31) 78 (26)

* Corticosteroids or other immunosuppressive agents.
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Fig. 1). Over the same time period, ARDS developed in 47
(15.6%) patients in the treatment group and 53 (18%) pa-
tients randomized to standard care. The relative risk of
developing ARDS was 0.86 (95% CI 0.60–1.24) in patients
receiving antioxidants. Similar to pneumonia, the time-to-
event analysis did not demonstrate a statistically significant
benefit (P � .4, Fig. 2).

The composite primary endpoint, ARDS and/or pneumo-
nia, was identified in 60 (19.9%) patients receiving antiox-
idant supplementation and in 72 (24.5%) patients receiving
standard care, for a relative risk of pulmonary morbidity of
0.81 (95% CI 0.60–1.1) in patients receiving antioxidants.
The cumulative hazard function in the time-to-event analy-
sis demonstrated no statistically significant difference
across the two interventions (P � .2, Fig. 3).

Secondary Efficacy Analysis

Overall, multiple organ failure occurred in only 26 (4%)
patients. However, it was significantly less likely to occur in
patients receiving antioxidants than in patients receiving
standard care, with a relative risk of 0.43 (95% CI 0.19–
0.96, Fig. 4). This effect was underscored by the signifi-
cantly lower Multiple Organ Dysfunction Score in the treat-
ment group (Table 4). There were also significant benefits in
terms of resource utilization. Patients randomized to anti-
oxidant supplementation required nearly 1 less day (0.9,
95% CI 0.6–1.2) of mechanical ventilatory support than
patients receiving standard care and had 0.7 (95% CI 0.05–
1.63) more ventilator-free days over the 28-day period of
analysis (see Table 4). Moreover, patients receiving anti-
oxidants had a 1.2-day (95% CI 0.81–1.5) reduction in their
ICU length of stay and a 0.4-day (95% CI: �0.2–1.0)
reduction in their hospital length of stay.

In this study, 28-day mortality was only 1.8% (11/595) in

the entire cohort of patients. Mortality tended to be lower in
the antioxidant-supplemented patients: four (1.3%) patients
died in the supplemented group and 7 (2.3%) patients died
in the cohort receiving standard care (see Table 4). The
relative risk of death in the treatment group was 0.55 (95%
CI 0.17–1.88). Similar benefits were also evident when ICU
mortality and hospital mortality were examined.

Plasma Antioxidant Concentrations

Plasma ascorbate concentrations were similar in both
cohorts at baseline and approached the lower limit of nor-
mal (Fig. 5). Ascorbate concentrations remained at or below
this level for as long as 3 weeks in the group receiving

Figure 2. Kaplan-Meier estimates of the risk of ARDS among 301
patients receiving antioxidant supplementation and 294 patients receiv-
ing standard care. There is some suggestion that antioxidant supple-
mentation might be associated with a lower likelihood of ARDS (P � .4
by the log-rank test). Solid line: no antioxidant supplementation; dashed
line: antioxidant supplementation.

Figure 3. Kaplan-Meier estimates of the risk of pulmonary morbidity
(ARDS or pneumonia) among 301 patients receiving antioxidant sup-
plementation and 294 patients receiving standard care. There is a sug-
gestion that antioxidant supplementation might be associated with a
lower likelihood of pulmonary morbidity (P � .2 by the log-rank test).
Solid line: no antioxidant supplementation; dashed line: antioxidant
supplementation.

Figure 4. Kaplan-Meier estimates of the risk of multiple organ failure
among 301 patients receiving antioxidant supplementation and 294
patients receiving standard care. Treatment with antioxidant supple-
mentation was associated with a significant reduction in the risk of
developing multiple organ failure (P � .04 by the log-rank test). Solid
line: no antioxidant supplementation; dashed line: antioxidant
supplementation.
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standard care. In contrast, plasma ascorbate concentrations
normalized within 1 day of admission and met or exceeded
the upper limit of normal in the supplemented group. Sim-
ilarly, plasma �-tocopherol concentrations were comparable
in both groups at baseline and diverged by 3 days of
treatment, reaching supranormal levels by day 5 (Fig. 6).

Alveolar Inflammatory Response

BAL fluid F2� isoprostane levels are shown in Figure 7.
Median levels appeared to be lower in the patients receiving
antioxidant supplementation (14.8 pg/mL vs. 70.7 pg/mL,
P � .5). Associated with lower levels of oxidative stress in
the antioxidant group was a tendency for an attenuated
alveolar inflammatory response, as demonstrated by a lower
alveolar white blood cell and protein concentration as well
as reduced concentrations of TNF-�, IL-1�, and IL-6 (Table

5). No consistent response was evident upon assessment of
IL-8 or sICAM-1 concentrations.

Complications

The incidence of acute renal failure was no different
between the two groups: three (1%) patients in the treatment
group and four (1.3%) patients in the control group devel-
oped acute renal failure (creatinine � 2.5 mg/dL). There
was no difference in the highest INR over the course of ICU
stay: 1.4 in patients receiving antioxidants and 1.5 in pa-
tients receiving standard care.

DISCUSSION

A significant body of evidence suggests that oxidative
stress plays an important role in the manifestations of crit-

Table 4. SECONDARY EFFICACY ENDPOINTS

No
antioxidant Antioxidant

Mean
difference
(95% CI)

Duration of mechanical ventilation (mean days) 4.6 3.7 0.9 (0.6–1.2)
Ventilator-free days (mean) 23.3 24.1 0.7 (0.05–1.6)
Multiple organ dysfunction score (mean) 3.2 2.4 0.9 (0.50–1.06)
ICU length of stay (mean) 6.4 5.3 1.2 (0.81–1.5)
Hospital length of stay (mean) 15.1 14.6 0.4 (�0.2 to 1.0)

Relative risk
(95% CI)

Multiple organ failure 18 (6.1%) 8 (2.7%) 0.43 (0.19–0.96)
Mortality

28-day 7 (2.4%) 4 (1.3%) 0.55 (0.2–1.9)
ICU 9 (3.1%) 3 (1.0%) 0.32 (0.09–1.2)
Hospital 9 (3.1%) 5 (1.7%) 0.54 (0.2–1.6)

Figure 5. Plasma concentrations of ascorbate in a subset of patients
receiving antioxidant supplementation and those receiving standard
care. Shaded area represents normal range for healthy individuals.
Numbers in parentheses indicate number of patients available for sam-
pling. Solid line: no antioxidant supplementation; dashed line: antioxi-
dant supplementation.

Figure 6. Plasma concentrations of �-tocopherol in a subset of pa-
tients receiving antioxidant supplementation and those receiving stan-
dard care. Shaded area represents normal range for healthy individuals.
Numbers in parentheses indicate number of patients available for sam-
pling. Solid line: no antioxidant supplementation; dashed line: antioxi-
dant supplementation.
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ical illness. ROS induce direct oxidative tissue injury by
means of peroxidation of cellular membranes, oxidation of
critical enzymatic and structural proteins, and induction of
apoptosis. Additionally, extensive in vitro data support the
relationship between oxidative stress and the induction of
genes integral to the systemic inflammatory response, in-
cluding TNF-�, IL-1, IL-8, and ICAM-1, putatively medi-
ated through activation of the nuclear transcription factor
NF-�B.2,31,32 Several in vivo studies document a clear ben-
efit to antioxidant supplementation in animal models of
endotoxemia, ARDS, and reperfusion injury4,5,33–37 and
have confirmed that there is a relationship between oxida-
tive stress and NF-�B activation in vivo.4

The importance of oxidative stress in the early phases of
critical illness is underscored by the relative antioxidant
depletion reported in many observational studies of this
population. For example, patients admitted to the ICU have
reduced total antioxidant capacity,38,39 with lower circulat-
ing levels of �-tocopherol9–11 and serum ascorbate11–13 and
increased alveolar fluid levels of oxidized glutathione.7 The

relative decrease in antioxidant capacity appears to correlate
with the severity of illness and suggests a causal relation-
ship between antioxidant depletion and increasing levels of
organ dysfunction.8,12,13,38,39 This relationship is strength-
ened by evidence of oxidative stress, manifest in these
patients by a substantial increase in products of lipid per-
oxidation.8,11,40 The evidence for oxidative stress in the
critically ill patient, coupled with the potential for direct
oxidative tissue injury and induction of the systemic inflam-
matory response, provides a sound biologic rationale for
antioxidant supplementation. However, in contrast to ani-
mal studies, clinical trials using the cysteine-based moiety
N-acetylcysteine have demonstrated either no or marginal
benefit.17,18,41 In all of these studies the antioxidant was
initiated after the development of acute lung injury. By
contrast, in a small prospective randomized controlled trial
in high-risk trauma patients in which a combination of
�-tocopherol, ascorbate, selenium, and N-acetylcysteine
was administered early during the resuscitation phase, there
was a dramatic but not statistically significant reduction in
the incidence of multiple organ failure and infectious com-
plications.42 These data suggest the potential for benefit if
antioxidants are administered prophylactically, before the
onset of significant organ dysfunction and infection.

The present study examined the effect of �-tocopherol
and ascorbate in preventing the development of pulmonary
morbidity (ARDS, pneumonia) and organ failure in a cohort
of severely ill surgical patients, the majority of whom were
victims of trauma. At ICU admission, patients receiving
standard care and those randomized to antioxidant supple-
mentation were comparable based on reason for ICU ad-
mission and severity of illness and anatomic injury. Patients
receiving antioxidant supplementation demonstrated a 19%
(95% CI �10%–40%) reduction in incidence of pulmonary
morbidity. As a result of a lower-than-expected incidence of
the primary endpoint, the power to detect a difference across
the two groups was only 24%. This study would have
required 1,300 patients per group to have 80% power to
detect a difference at an � of 0.05.

The treatment group had a 57% (95% CI 4–81%) lower
incidence of multiple organ failure and a trend toward a
reduction in 28-day mortality. These benefits translated into
a reduction in resource utilization, as measured by a shorter
duration of mechanical ventilation and ICU length of stay.
Further, there were no adverse effects attributable to the
antioxidants. Specifically, administration of high-dose
ascorbate or �-tocopherol did not increase the risk of renal
failure or coagulopathy.20

The mechanisms by which antioxidant supplementation
exerted its beneficial effects in this cohort of patients are
unclear. Alveolar fluid levels of F2� isoprostane tended to be
lower in patients receiving antioxidants, as were concentra-
tions of TNF-�, IL-1�, and IL-6. These data imply that
antioxidants are reducing both the amount of oxidative
tissue injury and the early inflammatory response, possibly
through effects on gene activation. Paradoxically, there ap-

Figure 7. Concentrations of alveolar lavage fluid F2� isoprostanes on
day 3 as a measure of oxidative stress in patients undergoing BAL in the
antioxidant group (n � 9) and those receiving standard care (n � 9).
Median values are demonstrated as a dashed line (P � .5, Wilcoxon
rank-sum test).

Table 5. ALVEOLAR INFLAMMATORY
RESPONSE*

No vitamin
(n � 11)

Vitamin
(n � 12) p†

Protein (�g/ml) 262.0 122.5 0.96
WBC (105/ml) 3.7 2.7 0.42
TNF (pg/ml) 5.6 2.7 0.27
IL-1 (pg/ml) 23.1 4.7 0.26
IL-6 (pg/ml) 126.7 49.9 0.64
IL-8 (pg/ml) 239.6 284.8 0.81
sICAM-1 (ng/ml) 24.9 31.8 0.29

* Median values.
† Wilcoxon rank-sum test.
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pears to be no effect on alveolar fluid concentrations of sI-
CAM-1 and IL-8, two other proteins whose genes have previ-
ously been reported to be sensitive to redox alterations.31,32

The small number of patients in whom biochemical measures
of oxidative stress and alveolar inflammation were available
and the intrinsic biologic variability preclude making any de-
finitive conclusions from a mechanistic standpoint.

This trial has a relatively homogenous population as one
of its strengths. This homogeneity reduces the intrinsic
noise and variability and thus increases the likelihood of
observing a measurable effect. However, this homogeneity
reduces the generalizability of the intervention. For exam-
ple, trauma patients tend to be male and younger and have
little comorbidity. Further, the time of the physiologic insult
is well established. It is unclear whether there might be any
observable benefit in a mixed cohort of patients with sig-
nificant comorbidity in whom the time of onset is less clear
(e.g., sepsis) and in whom there are a variety of different
diagnoses.

One additional limitation is the lack of a placebo and
blinding on the part of the investigators, potentially intro-
ducing bias into the evaluation of the endpoints. However,
the definitions for all of the endpoints had objective criteria.
In addition, a radiologist not involved with the study and
blinded to the treatment arm provided objective assessment
of the radiologic criteria to limit bias in the evaluation of
chest radiographs for assessment of pneumonia or ARDS.
There exists the possibility that knowledge of the treatment
group might alter care, and this alone may have an impact
on outcome independent of any effect of treatment; how-
ever, management was not influenced by the knowledge that
a patient was or was not receiving antioxidant therapy.

This large, randomized prospective trial in a cohort of
critically ill surgical patients suggests benefit from the rou-
tine early, prophylactic administration of �-tocopherol and
ascorbate. Potentially greater benefit may be obtained if an
intravenous formulation of �-tocopherol were available and
higher circulating levels were achieved early in the course
of illness; however, no such agent is currently approved for
use in humans. The lack of adverse effects, coupled with the
minimal expense, supports that this combination is a reason-
able therapeutic intervention in critically surgical patients.
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